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^ #2002-102682 

T, ^#MH<Z> (1 1-2 0) M^e>, <0 0 0 1 >ifi$:tfj^&C [1-10 0]" 
ia^|oItC-4 5^JSU:4 5m&sTa>mmfc&Z>fcM<D— 3Sg±6 01 

T. ^MgHcp (i 1-20) m^fo, [0 0 0 1] S iiflfct^iMC [l-io 
0] ifi#l&lJC-4 5^±4 5^T©^H{C&&fl&:f:<Z>— #I«HC, 3 ^J^± 6 

T. (1 1-2 0) M^e>> <0 0 0 l>itf|£tW&C [1-10 0] 

Wf^IoJfC-4 5^_h4 5^T©ISHiC&5^©— #IrJIC, 3^_h3 0^ 

T, &¥&&<Z> (1 1-2 0) ®^£>, [0 0 0 1] S ifS&PNMC [1-10 
0] fft;£[*JJC-4 5 £RJL4 5^T©^HlC^SftSO— ^IrIJC, 3SJ^-h3 

r, g^StlS© (i 1-20) ®#e>, <0 0 0 1 >$fi&pNMc [1-100] 

#*tRfiC-4 5gJBJUt4 5^T©«SBfC&£#S<Z>~#l*HC, 6^±3 OS 

T, &#£A(Z> (1 1-2 0) ®fr£>, [0 0 0 1] S iffi&tfMMC [1-10 
0] lt^rlRffC-4 5^±4 S^T^ffiHtC^S-ff*©— *IrJ»C, 6^±3 
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y^y hTSioT, l>f>J>y h<Z>P&#2 0 mm«±T*^S^bSif Iti-f 

>=f^ ho 

^«L/T^S^b^#^xtr^^S/^;i/^xy\ 0 
[0 0 0 1] 

[^©M^s&^frSF] 

[0 0 0 2] 

(sic) 4fej»j«jcaftv^*if<z>i& 

XAhbT, S i C^ffi^X/\ODilSA' ! i«*oTV>S. L/^b^^e>> 
[0 0 0 3] 
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mm** vTMme>MM*>&%x*itte^ 0 it^m^-mm (cvdi) & 

MV^Jiit (Si) &Z<Dmm^fo±fc^U^**isVJ\sf&-&Z-&Z>Z.£K 
U#<<Z)^Pfc (~10 7 cm~ 2 ) S i C#^ H %b^^$i±S-il^T^ 

tctoiz. sicTOfoooi} y^zmmgkzi'Tm^xg-mnffiMiitfi 

0%L&M(D\s~V -^^H^tlTV^ (Yu. M. Tairov and V. F. Tsvetkov, 
Journal of Crystal Growth, vol.52 (1981) pp. 146—150) » ZCD^feVlZ, H 

i^n & m v ^ x v> s & &ffigk<DmmmMmtffflWT* & , * ttrnms* &c £ »; mm 

lOOPa^fel 5kP anmfcfflffl?ZZ£.K£VffiM,<Dl&&i&mm 

So a^at^s s i c^m^nmnn^^ s i c^a^teit*® (*tSM£&) 

0>tplCJRM3*l, (133Pa~13. 3kP 

a) , g#2 0 0 0 — 2 4 0 0 SJCflHifc;* tl&. ^<£>l^> jRJprafr*tCJfc'<8*§S 
#^ffiffiC&S£3£MI*^IB#«J£3ft.5. JBttftt, #Htk «flf$fH (fi 

fl£&iBK:j: Drafts) jc<fcya*SS#ifrNteiS:, 3t^£ft&o JftBfij&Rtt 
tiCDIC, (nl) , tJn^^ y;i,=> (pi) #&5 0 ?k&u-v-m 

&fflV^«, SiC#«l©«I#»(6Ha, 15RI^) Mft 

o 

[0 0 0 4] 

3§W£, ±IB©*Al/-U-S^«bfeS i Cf^&Pl2^>f (5 0 
mm) #>6> 3-f >^ (7 5 mm) © {0001} jSSi CWG&VX>n1fiW) ffi 
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rti^S i CJ^II^x/\£», fa &cMM^£tfSifc/am©tf 

[0 0 0 5] 

[^jW&bj^fc-f-sf&M] 

#5 0~2 0 0 c m~ 2 &8££$.tlX^fe. P. G. Neudeck et al., IEEE Electro 
n Device Letters, vol.15 (1994) pp.63~65tC|BiSc£*lT J: d &C, Zltlfe 

fetor A J tC 33 5 $ tl T V x £ o 

[0 0 0 6] 

£©T^*n-tf-f ^Pfttt, {oooi} MtcMtt&W&SMI&tbTMvxT 
, <o o o l >#fti:Sii#lpncs i c#*§SS:^S*Si4:{cJ:*J, %±iz 
ffiltX%Z>Z.h1)K #g|^5 - 2 6 2 5 9 9#^#JCg|at$tlTVx§o {0 0 0 
1} MlCSttJ&ffili, ^A^fXiSJtC^oTfe^M^B-efeS. H. Yano et al. 
, Materials Science Forum, vol. 338-342 (2000) pp.ll05~1108{C^$ tlTVx 
S «fce>tC Wittf {0 0 0 1} ISJCMiCJ&lfTffeS (1 1-2 0) Sj&JgVxfcM 
os (^JR-KflsK-^aMfc) St#Mh7>^^H (0 0 0 1) Si® 
±lz^mLf=. : h(Diiit^x, femzm^v*;vmMg.*m? a r©<J:e>ic, { 
oooi} ®JcMfc®jcj&gbfcs i c^ftttT^f ^n^-f ^Pfefc^tl* 
, ££>&c, [11-20] ^^c^lfeS i Cf ^>dfy b S«i«f«b 
TmbfrZ (11-20) ?x>\ttififffitB©S i C^A-f *£#$gt-3<ZHC3gb 
TVx^o b^LJ&^G>, £©#f*I{CS i C**§S&J**bfc»^ J. Takahashi 
et al., Journal of Crystal Growth, vol.181 (1997) pp.229~240lC|a^£ *l 
X^Z£z)lZ, «SS#K:#*© (0 0 0 1) lg«®*lfc#^A3*lTb*e>o Z\ 
©IS*, W5-2 6 2 5 9 9#^lC^$tlTVx§^SrMVxT%. V-f 

[0 0 0 7] 
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[0 0 0 8] 

(1) (11-2 0) ffij^b, <0 0 0 lXfttfclfij&IC [1-10 0] ifi;#[*HC 

(2) (11-2 0) mfr*>. [0 0 0 1] S iffi&tf^&JC [1-10 0] fft^ 
fc® ftlT/fc® £ 1" 3 Kf t3iii#MI&W/£JB«*Sft> 

(3) (11-20) ®fr£>s <0 0 0 l>tt&tf»i&tC [1-100] W^lftJC 
-4 5JEJ6U:4 5^TO«gSlC$»S^CZ>— ^I^Kl, 3M&-fc3 0£J2ATISV\ 

(4) (11-2 0) 1)!)^, [0 0 0 1] Si«&^C [1-10 0] tt^ 

(5) (11-20) ®fr£>, <0 0 0 1 >ffi£tfM>&C [1-100] fft^rejfc 
-4 5^_h4 5SUBAT©l6HK:feSffi3K©— ^flnlK:, 6MfiU:3 0^TMv> 

(6) (11-20) ®fr£, [0 0 0 1] S iffiSrfNMC [1-100] ft^ 
fate- 4 5£JSiLfc4 5«JKTCD«H»c**ft«cJ)— 3EfIftK:, 6^_h3 0S«T 

(7) (l) ~-(6) m^ti^i ^KtiM<D8titmm&&&1f&,RU1£&*R 

(8) (7) \zmm<Dm&Jjt£fc&vnbftfcMfommmM&<4>3y 
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o) (7) izmmvm&xmz&vmbftfrmimmmMi^ y^v y*imjl 

(10) (9) lC|B^CD^b^#^^X7N{CXbf^dpS/-v;^^bT^§^ 
[0 0 0 9] 

Wtf5£k(D, (l 1-2 0) ®^£>, <o o o i>$tfi&eN>}c [l-ioo] 

[0 0 10] 

{0001} ^csii^fatc s i cmffiMi*f&&z^f~m&fcmMXV&-tfft£. 

^-•S^^ziXAtCOWTJi^ J. Takahashi and N. Ohtani, phys. stat. sol. ( 
b), vol.202 (1997) pp. 163~175iCfa^2 tlT V^„ QSC^ U- U -ffilC «fc £ S i 
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[0 0 11] 

•ttet>%*$&WK&^Tte, ±m<D*%—x&*ffl : tir b^M^Bm^tife*© 
•e&y, i^fctx, (i 1-20) ®^e>, <o o o i>«r&tf»^jc ci - 

10 0] fft#fiHC-4 5^Jg*_h4 5^T«)ISHIC^>S^0— # ftlC 3 SJSUl 

6 oifcJKTffi^fcMMUSSW/fcftiil - * s i c&1&&*m^2>z hicj: y, ft 

Mbfc^OT'&S,, J^T©MICJ3V>T, (11-2 0) iS^^Cfgi 

[0 0 12] 

-2 0) ®S*gB±tC*tS&J**3iirfc»'£> ^IMSi±tSiC^l^ 
-^-BBttiib-CffijRCDKfiy^ffll&^y^* «*I»K:H3 (a) © (l) 

asitf (2) T*^^*x§) o mwLvmffl&Mom. fe&nmn±<n-<?>&&M 

x^t/^-Mtfll&T/J^v^aMc, iR*sti« s i c^ttiE«©ffi<£ (*3c 
fcffitfO £ o Jem y a* tiT L * o z. t. it b fc£ V &m 3 5 

i c*»ft*icaai**&. 

[0 0 13] 

t7^?:tt5 (11-2 0) If^ftiKliift&jajIS***^ 
tt, MS (b) jCaVt^lc, ^^Mlc«x-5 i y^^StiTV>S 0 T.'rv 

^tt^Tx^^^T^yji^tisiej^^So ^yr/tcs icwtfb, 
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^©raiC#^i-S^^^ (0 3 (a) ©;*7:fcg(Z>^A£ilt^&VN (1 1-2 
[0 0 14] 

*Sa^*MK:* 3 £ te. *&<z>*m*T? fcf? isn't £ £ 

. b*>bfc#e>4-[s, #*&«J!#^wu ^#<©n^^<fct> , #^(Z)^t bt, ir 

tf^£#fc> s i C#I§S©'(1 1-20) ®{c£v>t r jtyftmZ: 

, <0 00 l>$ffi£#4MC [1-10 0] tt2f|$KC-4 5m&s±4 Sm&s-F&m 
HKI&SfiS©— 3fl*U ^U<tt [0 0 0 1] S ifflfctfMMC [1-10 0] 

flOS^Pft^Sfr^fiSrJcfliftff-efssiiiSBmbfe. fcfcrzit, t&iacoooi] 

Sittiltt, <0 0 0 1 >«JCtt [0001] Sit [000-1] G il<D 2~Jj 

■ftr*<*y (^^t>*><o o o i >ia^«z:iie> 2^1^©^^) , ^£tf)i*j<z> [00 

0 1] Si^^r^T'feS, (1 1 - 2 0) ®{C&W£;f T7#ft£ btfe£, [ 

1-100] #ini «o 0 0 1 >#iRj©sia#i*i) %i§s^»ictt#^. &ii*^ 

<0 0 0 l>*ififJc*7^ISS:#Wfc*^i: [1 - l 0 0] ^iBHctf^Sfctf 

j&&zth&XTv7<Dmm*tfi*to*ftgkiiiV. [1-100] 

[0015] 

S i CJftt££<Z> (11-20) MK13tf£7tyJ3\*l£*yft}&£(Dm& : %:m4 

K^-t 0 *&m<D%b%:*nz>K\ts <oooi>«, &&h<iz c 

0 0 0 1] S i$|&&cM>lC, [1-10 0] i^lC-4 5M±4 5^T© 
fgfflfC&Si&Mtf&Se EUJCaVTiStf* -45° ^^45° T*3& 

Z.Z.~Zyt'7j3\fttf<0 0 0 1 >f|^e>-4 5^5fc?ii;fcki:4 5|g 

m^m^iat, y.'rvy'&mk-ft [1-1 00] ismz^rynm.^ntc.^t. 
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[0 0 16] 

JtyftB. (04*. at^^tlS) tt, 3^_h6 0MJ^T (3° 
^6 0° ) T*&y, L<&3M£Ui3 OgfiTF (3° gaS30°), 

U<fcfc6gJ£Ui3 Og&T (6° ^a^3 0° ) T-&£o (a) 

6 Ofigj&Kl&Si:, t£5fc©<0 0 0 1 >^IbI^©S i C#^^«t^©^ 
[0 0 17] 

[0 0 18] 

m&W<Dmi^M&Mte, (11-2 0) ®2)>e>, <0 0 0 l>®l&tN>lc [ 
1-1 0 0] 5^J:4 5gJSn r ©|gBiC&£ftS©— 3 

l£J2U:6 OMTI^feiS&fiSIfMiltS S i CW^Mi^it^ 

So 

[0 0 19] 

^^©^2H^M«, (11-20) ®^e>. [0 0 0 1] Sifit£>tM> 
[1-10 0] ftlr^lRliC-4 5^_h4 5^T©^HlCfeS^©^^lRli- 
, 3^JL6 O^TMv^feMS:#^^W^®i:t-SS i cmffi&HmmmffiM, 

[0 0 2 0] 

^mMomzMMBmiz. (11-20 <ooo i>mi$:^{c [ 

1-10 0] «C£fa{C-4 5^±4 5|gJ^T<0$gHCS>§feS©— ^iRliC, 3 

So 

[0 0 2 1] 

^mB^m^mm^Bit. (n-20 ®^&, [0001] siiw 
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{C [1-10 0] $Un#frJC-4 5gJ£Lt4 SgJ^TCD^HlC&SttS©— #[bJ{C 
[0 0 2 2] 

&$&m<z>m5MMi&mz. (11-20) @^e>, <oooi>iwic c 

1-10 0] ftf[#ft&C-4 5^J£Lh4 5gJ£AT©^BSC&S£ES£> — #r*JfC/-6> 

So 

[0 0 2 3] 

*5ire<Z>^6HJ6^J»tt, (11-20)1^?), [0 0 0 1] Si«W 
tC [1-10 0] i&^lRliC-4 5 m&>±± 5&&>T<Di&mK.2b&&M<D—#\ftK 
, 6£JSU:3 0SJKT«vxfeifS#jBIIW«®i: > re S i c#^iMfflS^ a B H 
-e&s., 

[0 0 2 4] 
[0 0 2 5] 

[0 0 2 6] • 

#3gtB©s i cJftRAWJ&JSttttfttt. [000-1] c#fa&cj*fc^b 
4 hsod s i c-jp-jgn (T-r *n/i>f y^£^fr#^M^&# : &i<&v^ 
^e>, (11-20) ®y^e>> <o 0 0 ixh&cmmc [1-10 0] ift#tRi&c 
-4 5 ^±4 5fiJKT©«HK:&*ttS©--:£fafc» tf^^tfs^jeuie 0 

gj^Tfcfts * e> ic ?x/\ y ffi u mmmm-tz r t *c * o Tjsarr * ^ 

[0 0 2 7] 
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, ^mi?3t^lC<fctl«. 2 0 mma±<DPftfe*t« S i C#»l>f >^ V > 
feSgit-TS 3 KS i CJMfr6>f >=Ty M*'. 2 OmmJgUiilVO:*: 

o 9 jf k m &m & x 'p & v % n v n o % u j& & ^ -r £ „ 

[0 0 2 8] 
[0 0 2 9] 

jdS^tt, S^lf i; bTMv>fc S i cttBA l ©_hK:JR»-C** S i c*&* 2 

*tfJtt3<Z)aE4©rt®K:3ty#W&tl*. K»OSiC»5fi2tt, JM&SPiHI 3 © 

W«PJC3fS*S*iTv^«. £©«fc3fclR#&*i#*3tt, nfiS3l*5©Wfll»c, M 

H^ig7a:;i/h 7jWRe3*tTv^. -MSHtStt, ac£SM!UBe l l Jc J: y 
iSK^P^C (1 0" 3 PagT) t§i^^T'^, frorW#K^&A r ;ff;*JCi: 
UJE^M^-rsr^^-e^So A r #;UC££j£;fr«kJu A r #J*fB<g 9&<fc 
QtAr ^|7^7a-3> 1 0&Ci:*J&;**l£o -iSHf 5 

©^MlCte. r7-^3-^;V8^|gg$tlTfey. IMtt^S^t- £fC J: »JJR 
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^#2 0 0 2-1 0 2 6 8 2 . 

[0 0 3 0] 

fgR2 0 0 0HI) JCLtfS, #B^XtbtAr^S:SA3 
it, S^f^EiJ^m^JE^ (IfilSl8 0kPa) lc«*>fc#e>, I»I5:H 
(®tS^2 4 0 0m) *T*_h#Si£S. m£©jfcRffi# (it I- 

[0 0 3 1 ] 

*fe-^f*e*«Wtt, f&fSS iC#j*§a©»Bt*iSK:*oT|g3iStifcS iC 
>zfy h fciHX, #F@bT&£, P#2 0 mmg±0 S i C#i^>?x;\t^ 
*«l!l«)SiC*»19i;Mi, *?\ JtSBT'#e>tifeS i cm>f>dr 

® x y ^ > s xm-tfmf e> v^t * b < m ^ & r £ #*e £ 

So £©£3fcbT»£3ftS*XA;feMVN&£fcK:i:oT, 3fe3*«r*M£©«ft 
[0 0 3 2] 

*fc-#T?aMM!KJ:, fuSBS i C^H^XAJCxtf* JFi/t;i/^lt*5 
S i C#ISIxlf ; ?^i/l';^XAT^§. 1ftxfc:*3fS/'Y/l/#x/M*, ±IHT* 
^fetifeS i C#*Sft^x/NS:S«iibTMVNT, S i C <Z> x fcf # * */ V 

SR1 5 0 0^, (S iH 4 ) , -fUJiy (C 3 H g ) , 7&m (H 2 ) <Dffi& 

-etl-?^ 0. 1 — 10.0X10 " 9 m 3 / sec, 0.6~6.0X10 " 9 mV 
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s e c, 1.0-1 0.0X1 0~ 5 m 3 /s e cT^S^We>^ *&WtZ 
^3*i53fcjW*b<> -jR»K:tt*»ffi"efe*. ^©iattmM©^«IRJ* 

& ffi # Pfi 0) 4¥ & i c 4> v ^ & # & * ® * 7 # n ^ - & ^ "T 5 - 

[0 0 3 3] 

OTIC 

[0 0 3 4] 

±m$&m<Dmm<z>mMizjs^T m 5 b zwim b aj*«§s« * % 

v%t, s ic^igassBsufc. £-r> [000-1] c^mKm&hfciHM 

11-20) ®^e> CO 0 0 1] Si^([000 1] S i-fifafrbto'ttUZ 
.±lfTO fc 1 0«t7Ufe9iA&13»J ffiU H&ffiWIgbfc^ ®MHr£b 
£. (P#tt, — #/J\3V*££5T*2 OmmTf&ofe) . ®MH 1 

»tc««bfc. -ebT, suflfcDrtsis&sts^bfe*, r7-^^-r;i/8jcm^ 

*£Sf&A3-&> ^H«fftffi*S:»8 0 kP a 

T^5gR2 4 0 0Ht±#$tfc. «*£E*T?**1. 3 kP aCtt»3 0 
[0 0 3 5] 
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z.o Lxmbftfcs i c#seas:xiRiir«f3ttJf^v^«aK:j:y^«fbfei:i 

BttT?» ^bfe#^>3^^P, (0 0 0 1) 
®?x/n£ (1-10 0) ®?x/\&^pj ffiU Sf^bfe (rn&2o©Di^ 

tf)^, S#;jS§5 3 0^©^i&KOH'^a:7\^MS:ni^^>^L/fe o MV>X % ^ 
IKflHHSC£ l .K (0 0 0 1) ^x/Nicasv^Ttev^nA-f zfftV&fcftffcirZ 
iamcD^n^y^-^y h&BZ. (l - i o o) ®#x/\K:;fcv*TttBUi*K 

[0 0 3 6] 

mmK.hTM&ht~4: hm©s i cjp.f§n>f >=fy h^e>, d 

1-2 0) ffi^xA^UUffil Ofc«;£fai:Mlc$JWr. P#&2 2mm) , 
S3 0 0 /tm*T?Hf*lS iCfii (112 0) ll«I9X^S^«bfe. 2 

OS, t/'yy (SiH 4 ) , zfU^y (C 3 H 8 ) , 7&m (H 2 ) 

*l5. OXlO'V/sec, 3. 3Xl0" 9 m 3 /sec, 5. 0Xl0" 5 m 

3 /s e cT'&ofc. ^^^^4^raT% $£J¥£lb 

[0 0 3 7] 
[0 0 3 8] 

Zl<Z)Xfcf#3f */^;WXA& (1-10 0) ®T*A§iU ^BBlfS: 
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[0 0 3 9] 

itmmnhx. jtyftgntmhtz^ (11-20) ®s^i±A©s icmm 

&j£j|iCOV^*&^£o t^i:bt, [0 0 0-1] C^|Sl{C^bfe4 HI 
1 1-2 0) IBtfx/N ((11-20) ©^^©^^±0. 5^1*0 £9P.J 

feofe) o a»fti 3 ©*4©rtiffK:*y#^ 

UlAr^^ASf. SllfWff* 5:^8 0 kP a JKWfifl! 
&B*fiS^*«S^2 4 0 0^£T*_t#3i±fc= ^ffMSl. 3kPa 

umftmizmR 1 5 c mt, 0. smm/Hre&ofc. 

[0 0 4 0] 

*ftfcaw*»fcfMrr*s«n?, «ftbfe#»A>r >=fy (oooi) 
®f?iAi: (i-ioo) s^x^&^jy ffiu «ft^j5 3 

0S®iIKOHT"?x;^SI:X7f ^^U 0$MSC£*K (0 0 0 1) 
xy^cfev^T«^^^^/^V^^I%^c^^E:'t•S^:M©7 , ^^^^x^y^^^ ham* 
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